The quantity and species compositions of both retained and discarded bycatch of the Kuwait's shrimp fishery was investigated for the first time directly through onboard observation and sampling of a fishing vessel. The observations were conducted on a 131 tonne double-rigged shrimp trawler twice a month during the shrimp season from September 2010 through January 2011. The shrimp catch rate declined sharply from 19.6 to 1.1 kg/h as the season progressing, while bycatch rate remained in a high and relatively stable between Aquatic Science and Technology ISSN 2168-9148 2013 www.macrothink.org/ast 87 106 and 81.5 kg/h, and resulted in a large variation (5.4-73.6) of byatch-to-shrimp ratio from the season's start to the season end. The retained bycatch was always low (11.6-15.9% of the total bycatch) throughout the season. The total species recorded in the bycatch was 112, with 55 retained and 93 discarded at sea. Thirty-nine species occurred both in retained and discarded bycatches. Saurida tumbil, Nematalosa nasus, Sphyraena flavicauda, Acanthopagrus latus and Otolithes ruber were the most dominant fish species in the retained bycatch. Discards dominated both by undersized commercially valuable species including Ilisha melastoma, Pomadasys stridens, Nematalosa nasus, Saurida tumbil and Upeneus doriae, and by non-commercial species such as catfishes, sharks and rays. Based on monthly bycatch-to-shrimp ratio, the percentage of the retained bycatch and the recorded shrimp landings, the total bycatch of Kuwait's shrimp fishery was estimated to be 15,704 t for the 2010/11 season. Of the total bycatch, only 2192 t (14%) was retained, while the majority 13, 512 t (86%) was discarded at sea. Of the 93 discarded species, 55 are commercially valuable species, representing 61% (8242 t) of the total discarded bycatch.
Introduction
Kuwait is a country with few renewable resources. Fisheries are the most important naturally occurring renewable food resource, and shrimp rank first in value. Over the past decade, annual shrimp landings have averaged around 2000 metric tons (t). The shrimp catch represents 25 to 45% of the total fishery landings and 37 to 50% of the total fishery product value in Kuwait. Shrimp are only fished by bottom trawl from two types of boats: industrial steel boats and artisanal fiberglass (dhow) boats. Kuwait's shrimp fishery targets three species: Penaeus semisulcatus, Metapenaeus affinis, Parapenaeopsis stylifera, and usually, more than 50% of catch is P. semisulcatus. Similar to other tropical and sub-tropical shrimp trawl fisheries (Stobutzki et al., 2001; Tonks, et al., 2008; Davies, et al., 2009 ), Kuwait's shrimp fishery also captures large quantities of bycatch (as high as 35,000-55,500 t) every year. These bycatches were mostly dumped at the sea with little (<2%) retained (Ye et al., 2000) , resulting in a huge quantity of wasted food resources and killing large number juveniles of commercial species.
Although a few studies (Mathews & Samuel, 1984; 1989a; Ye et al., 2000 , Bishop et al., 2001 Al-Ayoub et al., 2005) have addressed the bycatch issue in Kuwait, most of the previous studies collected bycatch data from a research vessel with very limited information about bycatch composition. For example, in the studies of Mathews and Samuel (1984; 1989a; 1989b) , the bycatch was separated into four categories: (1) fine fish with high marked price to be retained; (2) Catfish; (3) Elasmobranchs; (4) mixed fish. No detailed species composition was reported for the discarded mixed fish. Moreover, the previous studies collected data from areas in which fishing was not permitted, including Kuwait Bay and within the three nautical miles along the coast, as well as from the commercial fishing grounds during and outside fishing season. Bycatch rates and the bycatch to shrimp ratios are usually high in Kuwait Bay and during the closed shrimping season. The results of previous studies probably do not accurately represent the bycatch of the fishery. Meanwhile, with the increasing market demand accompanied with the growing population and economy, less valuable species and small size individuals of valuable species previously discarded are now probably retained since they are found in the fish market.
In order to obtain the latest and detailed information about the total quantities and species composition of the bycatch, including both retained and discarded, and to investigate the quantity of lost juveniles of commercial species and the potential impacts on stock size, and thereafter the yields of the commercially important fish species, we conducted this study, so that better management measures of the shrimp fishery can be adopted to protect both the shrimp resources and fin-fish stocks.
Materials and Methods
All data were collected by scientific observers onboard a fishing vessel during the shrimp season from September 2010 to January 2011 ( (height). "Muytahead 6" operated regularly as all the other fishing vessels at the local shrimp fishing ground throughout the entire shrimp season. Data were collected twice a month. During the sampling day, bycatch was recorded and collected from subsample of each of two trawl tows. The duration for each tow was approximately 3 h (recorded) with average speed of 3 knots. The catch rates (kg/tow) were standardized into kg/h based on recorded fishing durations for each tow to remove any differences caused by variation in fishing duration. All the catch from both nets was first sorted into shrimp, fine fish and discards by the fishermen as usual. The fine fish were then identified to species by the scientific observers. For each species, the length of each individual fish was measured to nearest cm, total number of fish was counted, and total weight of all individual for that specific species was weighted to nearest g using a portable electronic balance. For discards, large-size individuals of sharks, rays and catfish were difficult to include in a sub-sample unless the sub-sample was large enough. To reduce sub-sample size and the subsequent work, we treated these large individuals separately. We first collected the large size (approximately >1 kg) sharks, rays and catfishes, and then counted and weighted each after identified to species. A sub-sample of around 5 kg was collected from the remaining small-size discards for subsequent analysis. All the remaining discards were put into baskets and weighted with a steelyard. Both the large size and remaining small size discards were then returned to the sea. In the laboratory, the small-size discards were analyzed in a same way as the fine fish except that small size shrimps were measured to nearest mm.
Bycatches of fine fish and discards were analyzed separately. Species composition for fine fish was obtained directly from the collected data, while species composition for discards was obtained the following way: the individual number and total weight of each species from a sub-sample were first raised by the weight proportion of the sub-sample in the total catch of that tow, and then combined with the data of large-size individuals collected before sub-sampling. The percentage of retained bycatch was then calculated based on the total weight of fine fish and that of discarded fish. Monthly catch rates of some important commercial species were plotted to investigate reasons behind the seasonal variations of the catch rates.
To further analyze the discarded fish data, all the discarded species were separated into commercial species (individuals would have been retained had they been allowed to grow) and non-commercial species. The species number, total weight and total individual number for both commercial and non-commercial species from the discarded bycatch were calculated. Catch rates (kg/h) of both commercial and non-commercial species were then estimated.
We estimated monthly and annual retained and discarded bycatch for the entire shrimp trawl fishery by the following procedures: the monthly total bycatch was estimated using the monthly bycatch-to-shrimp ratios multiplied by the recorded monthly total shrimp catches; the monthly retained and discarded bycatches were estimated using percentages of retained bycatch from our investigation and the monthly estimated total bycatch; and the annual retained and discarded bycatch are the sums of the monthly retained and discarded bycatch. The annually discarded commercial species for the entire fishery were calculated based on the estimated total discarded bycatch and the species composition of the discards.
Results

Total Catches of Shrimp and Bycatch
Total shrimp catch from 17 tows was 314.1 kg, averaging 7.0 [±3.1 (standard error)] kg/h. Total bycatch was 4411.9 kg, with a mean 95.9 (±3.9) kg/h. About 14% (617.2 kg) of the bycatch was landed. The remaining 86% of the bycatch was discarded at the sea. The bycatch to shrimp ratio for the season was 13.78.
Monthly Catch Rates and Bycatch to Shrimp Ratios
The catch rate for shrimp was highest (19.6 kg/h) in September and dramatically declined as the season progressing. It was only 1.1 kg/h in the following January. While bycatch rate declined fairly slowly from 106 kg/h to 81.5 kg/h. The byatch to shrimp ratio was lowest (5.42) in September and increased to around 20 in October, November and December, and reached very high (73.64) in January ( Table 2 ). The monthly retained and landed bycatch was 11.6-15.9% of the total bycatch. 
Bycatch Composition
The bycatch consisted of 92 species of finfish, at least ten species of crustaeceans, six species of sharks and rays, three species of cephalopods and one species of sea snake (Table 3 ). The total retained species was 55 and that of discarded was 93. In total 39 species occurred both in retained and discarded bycatches. The monthly retained and discarded catch rates for some important commercial species showed seasonal changes (Fig 1) . Acanthopagrus latus mainly occurred in November and January with most of the catch retained. Otolithes ruber occurred throughout the season, but large numbers of juveniles were caught and discarded in September. Saurida tumbil was highly abundant from September through November with almost all the catch discarded at the sea and was also abundant in December and the following January with about half of the catch retained. Two Nemipterus species (N. bipunctatus and N. japonicas) mostly occurred in October and November with most of their catches retained.
Species Composition of the Retained Bycatch
Although 55 species occurred in the retained bycatch, common species (>1%) numbered only 19. Total catch of these 19 species, however, represented more than 90% of the retained bycatch. Of the 19 species, Saurida tumbil ranked first (13.8%), followed by the crab (Portunus pelagicus, 11.5%), Nematalosa nasus (10.1%), Sphyraena flavicauda (9.9%). The very important commercial species Acanthopagrus latus and Otolithes ruber ranked 5 th (8.8%) and 6 th (8.3%) respectively. Except Nematalosa nasus, all the first ranked six species occurred frequently. For example, Otolithes ruber occurred in all the samples, while Saurida tumbil and Acanthopagrus latus occurred in 88.2% of the samples. These six species represented more than 60% of the total retained bycatch (Table 4) .
Species Composition of the Discarded Bycatch
The discarded 3542.6 kg (86%) bycatch consisted of 75 fish species, at least nine species of crustaeceans, six species of sharks and rays, three species cephalopods and one species of sea snake. Of 93 discarded species, 55 had commercial value, while 38 species had no commercial value. On average, each fished hour resulted in 52.9 kg discarded bycatch, in which 32.3 kg were juveniles of commercial species, representing 61 % of the total discarded bycatch per hour (Table 5 ).
The most commonly captured species (>1%) numbered 20. These 20 species represent 88% of the total discarded bycatch. Ilisha melastoma ranked first (12.2%), followed by Pomadasys stridens (9.4%), Nematalosa nasus (9.1%), Parapenaeopsis stylifera (8.0%), Saurida tumbil (6.91%) and Upeneus doriae (6.8%). All these species except Nematalosa nasus occurred in most of the samples. These six top ranked species represented more than 50% of the total discarded bycatch (Table 4) . ISSN 2168 -9148 2013 
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Estimates of Annual Retained and Discarded Bycatches for the Entire Shrimp Fishery
By applying the estimated monthly bycatch/shrimp ratios and percentages of retained bycatch to the entire shrimp trawl fishery to the known monthly total shrimp catch, the monthly total bycatch, retained and discarded bycatch for the entire fishery could be estimated (Table 6 ). The total annual bycatch for the shrimp fishery was 15,770 t for the 2010/11 shrimp season, in which, only 2258 t bycatch were landed, while 13,512 t were discarded at sea. Of the 13,512 t discarded bycatch, 8242 t represented juveniles of commercial species. Of the 8242 t discarded juveniles of commercial species, Ilisha melastoma (1707 t) ranked first, followed by Parapenaeopsis stylifera (1421 t), Pomadasys stridens (1387 t), Saurida tumbil (933 t) and Upeneus doriae (855 t) ( Table 7) . Eight species each contributed more than 100 t discards with a total 6829 t. The listed 18 species (Table 7) contributed 87% of the total discarded juveniles of commercial species. These numbers indicated that Kuwait's shrimp fishery kills thousands of tonnes of juveniles of commercial species while capturing less than two thousand tonnes of shrimps in recent years. 4. Discussion Mathews and Samuel (1989a) used the catch rate (kg/h) of discarded mixed fish from a research vessel and the total trawl effort (total hours) of the shrimp fishery, to estimate the total mixed fish in annual bycatch was between 11556 and 21213 t from 1978/79 to 1983/84 season . Their "mixed fish" refers the discarded fish excluding sharks, rays, catfish and landed high-value fishes. Their total bycatch should be higher than the above range. Our estimated total bycatch for the 2010/11 season (15704 t) should be close to the low limit of the range estimated by Mathews and Samuel [11556 t +(sharks+ rays+ catfishes +retained bycatch)]. However, our estimated total bycatch is much lower than that (34,737-55,498 t of the late 1980s) of Ye et al. (2000) . The reduced total bycatch may imply that the fish abundance has declined since 1980s. Kuwait's total landed fisheries volume has declined by 50% since mid-1990s. Our estimated retained bycatch (14%) is much higher than all the estimations (<2%) made by previous studies, which supports the casual observation that more bycatch is retained now than before because of declining fish landings and increased market demand.
The estimated bycatch-to-shrimp ratio is around 14:1, which is within the range (6.78-15.32:1) estimated by Ye et al. (2000) , but much lower than that (71:1) of Bishop (2001) . Both the two previous studies used year-round data from a research vessel, however, Ye et al. (2000) excluded Kuwait Bay, a no-fishing area with very high bycatch-to-shrimp ratio, and the high ratio summer season, gave a more realistic ratio for the shrimp fishery. Our estimated bycatch-to-shrimp ratio is also close to that (13:1) of the prawn fishery in northwestern Australia (Tonks et al., 2008) .
This study is the first to directly analyze the bycatch of the Kuwait's shrimp fishery. Although the resulting total bycatch species (112) is comparatively lower than that reported in a tropical Australian penaeid fishery (350 species of teleosts and elasmobranchs) (Stobutzki et al., 2001) and that (195 taxa from 85 families) of prawn trawl bycatch in northwestern Australia (Tonks et al., 2008) , it is similar or higher than the total species reported in this area from both bycatch of the shrimp trawling (95 species) (Al-Ayoub et al., 2005) and catches from other surveys. For example, the total reported species was 92 for hadrah (intertidal stake) (unpublished data), 70 for gargoor (cage type fish trap) (Chen et al., 2012) . This indicates that total species numbers are area and year dependent. The results from this study should reasonably reflect a true picture of the bycatch composition for the Kuwait's shrimp fishery.
Previously, most (>98%) of the bycatch from Kuwait's shrimp trawl fishery were discarded at sea because of the preference of the local people for high quality fish and the high labour cost to land the bycatch. However, our results showed an increased percentage of retained bycatch probably due to the increased demand (price) resulting from declining fisheries landings and growing population in the last two decades. Total fisheries landings declined from more than 8000 t in the mid-1990s to around 4000 t in the late 2000s. At present, Kuwait imports more than 50% of the annually consumed fresh fish. More bycatch, including small size individuals of presently retained species and individuals of presently discarded species such as catchfish, sharks, rays and bony fish (e.g. clupeidae sp.), may be retained in the future with the continuing increase in market demand. Increased landings of byctch will reduce the waste (discards) and help supply market demand. Doing so, however will have negative impacts on the shrimp fishery. With increasing retention of bycatch, fishermen may shift their target from shrimp to fish species, i.e. they may fish in areas (or during periods) with relatively low shrimp catch. Thus, high retained bycatch may encourage fishermen to expand fishing areas and extend fishing season, i.e. increase the total fishing effort, which would result in further decline of the already overfished shrimp stocks.
Our results showed that the majority (55 out 93) of the discarded species were juveniles of commercial species with an estimated total weight 8242 t for 2010/11season. Almost all of the discards from shrimp trawling were returned dead or dying to the sea, where they are a potential food sources for scavengers (Hill & Wassenberg, 2000; Stobutzki et al., 2001) . The low likelihood of survival means that the capture of these species as bycatch results in direct fishing mortality of the commercially important species. This might be one of the factors causing the declining of the total fisheries landings since mid-1990s. Reducing capture of bycatch, especially those commercial juveniles, will certainly benefit other commercial fisheries. The Bycatch Reduction Device (BRD) widely and successfully applied in other countries such as Australia (Broadhurst, 1999; Broadhurst et al., 2002 Broadhurst et al., , 2012 and USA (Rogers et al, 1997) should be considered to Kuwait's shrimp fishery to help the recovery of the major commercial fish species.
Meanwhile, the removal of large amount of fish from the shrimp ground are likely to reduce fish predation upon shrimp, especially juveniles. This could affect the natural mortality of the shrimp population (Mathews & Samuel, 1989a) . Gulland (1989) suggested that the optimum opening date for the shrimp season should be delayed when shrimp natural mortality was low. It is important to understand how bycatch, especially discards, affects both commercial finfish and shrimp stocks and as food available to scanvengers so that we can fully determine the impact of trawling on the ecosystem as a whole.
